In this study, the fossil carbon contents of the two facilities were analyzed using 10 or more samples for each facility from June 2013 to March 2015. In addition, the optimal measurement period was calculated from the analyzed fossil carbon contents using a statistical method. As a result of the analysis, the fossil carbon contents were found to be less than 35%, indicating that the biomass content of sewage sludge was not 100%. The fossil carbon content could be representative of using yearly period measurements value. When calculating Green house gas (GHG) emissions from waste incineration, South Korea has been calculating only Non-CO 2 emissions because it regarded the CO 2 emitted in GHGs from sewage sludge (SS) incineration facilities as originating from biomass. However, biomass of the sewage sludge incineration facility is not 100%, so it is necessary to estimate the greenhouse gas emissions considering the fossil carbon content. Therefore, there is a need to increase the reliability of the greenhouse gas inventory by conducting further studies (such as CO 2 concentration analysis) related to the calculation of CO 2 emissions for the relevant facilities (sewage sludge incinerator).
Introduction
South Korea generated 3,531,250 tons of sewage sludge (SS) in 2014, which is approximately double the amount of 1,902,410 tons generated in 2001, and the number of SS treatment plants increased more than three times between 2000 and 2014 (from 172 to 597) [1] . South Korea disposed of more than 30% of its SS in the ocean until 2011, but since ocean disposal was prohibited by the "Convention on the Prevention of Marine Pollution by the Disposal of Wastes and Other Substances" in 2012, the country has relied on other methods to treat SS, such as recycling, incineration, landfill, and fuel conversion. Incineration is the second most-commonly used method after recycling, which accounts for 55% of the total amount of SS treated, and as both incineration and landfill produce major green house gas (GHG) emissions from treating waste, they require appropriate management.
The IPCC (Intergovernmental Panel on Climate Change) guidelines stipulate that CO 2 emissions from biomass should be excluded from the total amount of CO 2 emissions reported and that they should be reported separately in accordance with carbon neutrality [2] . SS is a representative biomass fuel that can be mixed with fossil fuels or used on its own [3] [4] [5] [6] .
When calculating GHG emissions from SS incineration facilities, many countries (including South Korea and Japan, German, Austria) have excluded CO 2 emissions from their national GHG emissions and reported them separately [7] [8] [9] [10] . However, Giger (1984) and McEvoy (1985) reported that the biomass Sustainability 2018, 10, 2790 2 of 8 content of SS may not be 100%, and components including surfactants such as Linear Alkylbenzene Sulphonate (LAS) and 4-Nonylphenol cannot be completely disposed of during sewage treatment [11, 12] . Kang et al. (2017) also declared the need to calculate CO 2 emissions from SS incineration facilities because the biomass content of SS measurements was shown to be less than 100% [13] .
To improve the reliability of GHG emission measurements from SS incineration facilities, it is therefore necessary to consider the fossil carbon content of SS and reflect this in GHG emission calculations. However, as the fossil carbon content requires a complicated sampling and analytical process, in addition to considerable costs, it would be beneficial to conduct research to determine the optimal measurement period that can be used to secure statistical reliability. This study therefore aims to calculate the fossil carbon content of SS incineration facilities and determine the optimal measurement period that should be used when calculating the fossil carbon content.
Methods
In this study, the fossil carbon content was analyzed at two SS incineration facilities within South Korea. The optimal measurement period is defined as the period in which the minimal number of samples are required to provide a useful result, and this period was determined using a statistical method by classifying measurement data into monthly, semi-quarterly, quarterly, and yearly units.
Selection of Objective Facilities
The target facilities were two SS incineration facilities that incinerate more than 100 tons a day (on average). They were selected from the Gyeonggi region, which treated the largest amount of SS in 2015. The selected target facilities incinerate waste using fluidized beds and a selective non-catalytic reduction method, and also contain a nitrogen oxide prevention facility, a filter dust collector facility, a semi-dry reactor, and a wet scrubber. To calculate the fossil carbon content, more than 10 samples were analyzed for each facility from 2013 to 2015, and Table 1 shows the status of these target facilities. Some studies have found that although the method of collecting incineration gas from incineration facilities may be simple in terms of the procedure used, calculating the fossil carbon content from solid wastes is less straight forward [14] . The Mandatory GHG Reporting Act of the United States (US) suggests that the biomass content should be measured continuously over 24-h, or an adequate number of samples should be obtained to meet ASTM D 6866-08 [15] . Therefore, in this study, emission gases were collected continuously over a 24-h period in accordance with the above guidelines to obtain an adequate number of samples to calculate the fossil carbon content.
In South Korea, air pollutants are monitored in real time using a Continuous Emission Monitoring System (CEMS). The sampling point was set at the end of CEMS, and emission gases were collected using an emission gas collection device developed in this study. Figure 1 shows a schematic diagram of the experimental procedure. The emission gas collection device includes a moisture removal device, a pump, and an electronic mass flow meter, and it operates in a stable manner to collect samples over a 24-h period.
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Analysis of Fossil Carbon Fraction
Various standard test methods are used in fossil carbon content analysis, such as CEN/TR 15591, DS/CEN/TS 15440, and ASTM D6866 [16] [17] [18] . These methods suggest the use of the selective dissolution method, balance method, and 14 C method to measure the fossil carbon content. Current studies are researching the fossil carbon content using standard test methods, and the European Union (EU) recommends using the selective dissolution method or the 14 C method with their Emission Trading Scheme [19] . Therefore, the 14 C method was used in this study.
The 14 C method uses carbon isotopes to measure the age of a sample and the ratio of CO2 generated by fossil fuels in the atmosphere through the 14 C content. Methods of 14 C analysis include Isotope Ratio Mass Spectrometer (IRMS), Liquid Scintillation Counter (LSC), and Accelerator Mass Spectrometry (AMS) methods [20] [21] [22] . Of these, the AMS method was selected for use in this study, because it requires approximately 1 g of substance to conduct an analysis and is 105 times more precise than general mass spectrometers [23] . It precisely measures the amount of carbon isotopes 12 C and 13 C (which are both stable isotopes) and 14 C (unstable and radioactive) that are present in nature by performing ionization acceleration of sample atoms, analyzing the energy, momentum, and electric charge states, and quantitatively analyzing 14 C, which is the isotope of the final atomic nucleus. Using these measurements, the method provides the age and ratio of CO2 generated by fossil fuels.
Statistical Analysis Method for Optimal Sampling Cycle Estimate
To calculate the optimal measurement period for determining the fossil carbon content in SS incineration facilities, the monthly, semi-quarterly, and quarterly average distributions were compared with the yearly average distribution. SPSS (Statistical Package for the Social Sciences) software ver. 21 (IBM, Armonk, NY, USA) was used for statistical analysis, and the normality test was employed to identify the distribution of measured data.
The average distribution comparative analysis method can be performed in different ways depending on the results of the normality test. When the fossil carbon content analysis data have a normal distribution, the one-way ANOVA analysis is conducted, and of nonparametric methods, the Kruskal-Wallis test is used, which is capable of comparing the group distributions of more than three groups. Therefore, in this study, the method selected to compare monthly, semi-quarterly, and quarterly data was determined according to the results of the normality test. Figure 2 shows the procedure used in the statistical approach for analyzing the optimal measurement period used to determine the fossil carbon content. 
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Result and Discussion

Fossil Carbon Fraction at Sewage Sludge Incinerator
The fossil carbon contents of SS incineration facilities in South Korea were found to be in the range of 19.00-25.55% for A facility and in the range of 14.00-34.24% for B facility (Show Table 2 ). For A and B facilities, the monthly average was 21.44% and 19.52%, respectively; the quarterly average was 21.23% and 20.24%, respectively; the semi-quarterly average was 21.47% and 19.94%, respectively; and the yearly average was 21.52% and 20.48%, respectively, resulting in differences of less than 3% for facility A and less than 5% for facility B. Analysis showed that the fossil carbon contents of the target facilities were less than approximately 35%, and the biomass content of SS was not 100%. This can be supported the case where the biomass content of Kang et al. (2017) study is 77% rather than 100%. Kang et al. (2017) , explained. The reason why sewage sludge incineration biomass is not 100% is because sewage sludge as a raw material when incinerating sewage sludge contains substances of fossil carbon content origin such as surfactant [13] .
The Paris Convention was adopted at the 21st UN Climate Change Summit Conference of Parties 21 (COP 21), and this stipulates that GHG inventory data must be reported every five years. Therefore, the importance of providing a reliable inventory is gradually increasing. When calculating GHG emissions from waste incineration, South Korea has been calculating only Non-CO2 emissions because it regarded the CO2 emitted in GHGs from SS incineration facilities as originating from biomass. However, the results of this study show that fossil carbon contents are also present in SS incineration facilities. Therefore, it is necessary to calculate the fossil carbon contents as well as the CO2 emissions at SS incineration facilities. As the CO2 emissions of sewage sludge incineration facilities are not currently calculated in South Korea. However, in order to reduce CO2 emissions due to climate change problems, it is necessary to estimate the accurate inventory. Therefore it is necessary to estimate CO2 emissions from sewage sludge incineration facilities which are not currently being measured. Research on the calculation of CO2 emissions in sewage sludge incineration facilities is lacking. Therefore, related researches are needed both inside and outside the country. 
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Normality Test of Fossil Carbon Fraction at Sewage Sludge Incinerator
To statistically analyze the measured fossil carbon content, the normality of the data must firstly be tested. For the normality test, the chi-square test, Q-Q plot, Shapiro-Wilks test, and Kolmogorov-Smirnov test are mainly used. When using the Shapiro-Wilks test and K-S test, the method is determined through the number of populations: when the number is less than 2000, the Shapiro-Wilks test is used, and the K-S test is used for higher numbers. For all of these tests, normality is tested through the significance probability. In general, the normality test assumes a normal distribution as a null hypothesis. If the significance probability is higher than 0.05, it determines a normal distribution, and if not, it rejects the null hypothesis and determines non-normality. In his study, the normality of the monthly, quarterly, semi-quarterly, and yearly fossil carbon content data was tested using statistical software (SPSS ver. 21) for each incineration facility. As the sample size of the fossil carbon content was less than 2000 for such data, normality was tested using the Shapiro-Wilks method (Show Table 3 ). However, facility A failed to produce normality results for monthly data, because the number of monthly data was too small, but it showed normal distributions for the other data because the significance probability was higher than 0.05. For B facility, yearly data showed a non-normal distribution with a significance probability of less than 0.05, but the monthly, quarterly, and semi-monthly data exhibited normal distributions with a significance probability higher than 0.05. When average distributions are compared, a nonparametric method must be used if at least one of the target data does not have a normal distribution. Since both A and B facilities contained one group without a normal distribution, they were compared using the Kruskal-Wallis test, which is a nonparametric method. As the measured fossil carbon content data of the sewage sludge incineration facilities were not normal distributions, the Kruskal-Wallis test was used among nonparametric methods. Using this method, the average distributions of the monthly, quarterly, semi-quarterly, and yearly fossil carbon content data of the SS incineration facilities were compared, and results are shown in Table 4 . The Kruskal-Wallis test showed that the significance probability was higher than 0.05 and that the averages of the monthly, quarterly, semi-quarterly, and yearly data were the same for the fossil carbon contents of the two facilities. It was thus determined that the fossil carbon contents of the facilities could be calculated using measurements from the yearly period, which thus requires use of the smallest number of samples. In this study, only the measurement period of fossil carbon content required to estimate CO 2 emissions was examined. It is necessary to carry out a study on CO 2 concentration measurement and cycle, which is an additional factor necessary for calculating CO 2 emissions. 
Conclusions
In this study, the optimal measurement period was calculated from the analyzed fossil carbon contents using a statistical method.
Two sewage sludge incineration facilities were selected as target facilities. For the calculation of the fossil carbon content, the emission gas was collected for 24 h using a self-developed collection device. The collected samples were analyzed using the AMS method.
As a result of the analysis, the fossil carbon contents were found to be less than 35%, indicating that the biomass content of sewage sludge was not 100%.
To statistically analyze the optimal measurement period based on the analyzed sewage sludge fossil carbon content data, normality was tested first. The normality test used the Shapiro-Wilks method because all of the monthly, quarterly, semi-quarterly, and yearly data of the fossil carbon content had sample sizes less than 2000. As a result of the normality test, at least one of the monthly, quarterly, semi-quarterly, and yearly biomass content data did not form a normal distribution for both A and B facilities. Therefore, average distributions were compared using the Kruskal-Wallis test, which is the nonparametric statistical method. The results of the Kruskal-Wallis test showed that the average distributions of the monthly, quarterly, semi-quarterly, and yearly data were the same for the two facilities, indicating that the biomass contents of the facilities can be measured from the yearly period, which is the largest range.
Currently, Korea and other countries do not estimate CO 2 emissions by considering the biomass content of sewage sludge incineration facilities as 100%. However, in order to reduce GHG emissions, it is necessary to accurately estimate the GHG inventories. Therefore, various studies related to the biomass content in sewage sludge incineration facilities are needed. According to this study, it is considered that some carbon fossil content exists, so it is necessary to estimate CO 2 emissions. If the same fossil carbon content exists in sewage sludge incineration facilities in other countries, the reliability of this study is expected to be even higher.
The fossil carbon content measurements of the sewage sludge incineration facilities, and those relating to the calculated measurement period in this study, are expected to be used as basic data for calculating coefficients reflecting national characteristics. However, since the optimal measurement period was calculated using less than 20 samples per incineration facility in this study, further studies are required. The acquisition of larger amounts of data in related studies would extend GHG inventory reliability related to SS incineration.
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